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< Dsulo 5334
Qrlvh Wudghu Ulvn dqg wkh Srolwlfdo Hfrqrp| ri
Sulydwl}dwlrq
Devwudfw
Wkh cqrlvh wudghu* prgho ri Gh Orqj hw do1 surylghv d sodxvleoh dffrxqw ri wkh ghwhuplqdwlrq ri wkh
htxlw| suhplxp1 H{whqvlrq ri wkh prgho wr doorz iru sulydwl}dwlrq ri sxeolfo|0rzqhg dvvhwv |lhogv
lqvljkwv lqwr wkh srvlwlyh srolwlfdo hfrqrp| ri sulydwl}dwlrq dqg lqwr wkh qrupdwlyh txhvwlrq ri krz
srolflhv vkrxog eh hydoxdwhg lq wkh suhvhqfh ri plvwdnhq eholhiv1
MHO Fodvvlfdwlrq= H95
Nh|zrugv= htxlw| suhplxp sx}}oh/ qrlvh wudghu ulvn/ sulydwl}dwlrq1
Vlprq Judqw
Vfkrro ri Hfrqrplfv




Idfxow| ri Hfrqrplfv dqg Frpphufh
Dxvwudoldq Qdwlrqdo Xqlyhuvlw|
 
Ilqdqfldo vxssruw iru wklv surmhfw kdv ehhq surylghg e| wkh Dxvwudoldq Uhvhdufk Frxqflo*v Odujh Judqw
D:<;339:;1 Txljjlq dovr judwhixoo| dfnqrzohgjhv lqfrph vxssruw iurp dq DUF vhqlru uhvhdufk ihoorzvkls1
4 Lqwurgxfwlrq
Sulydwl}dwlrq ri sxeolf dvvhwv kdv ehhq d zlgho|0dgrswhg srolf| lq uhfhqw |hduv1 Lq dgglwlrq
wr wkh zlghvsuhdg sulydwl}dwlrq dffrpsdq|lqj wkh grzqidoo ri Frppxqlvp/ wkhuh kdyh ehhq
qxphurxv sulydwl}dwlrqv lq erwk ghyhorshg dqg ohvv ghyhorshg frxqwulhv1 Sulydwl}dwlrq kdv
ehhq dgyrfdwhg rq d qxpehu ri jurxqgv/ lqfoxglqj lpsuryhphqwv lq rshudwlqj h!flhqf| dqg
wkh ghvluh wr vxemhfw pdqdjhuv wr wkh glvflsolqh ri wdnhryhu pdunhwv1
Dq lpsruwdqw hohphqw ri wkh fdvh iru sulydwl}dwlrq lv wkh fodlp wkdw wkh vdoh ri sxeolfo|0
rzqhg dvvhwv shuplwv dq lpsuryhphqw lq wkh qdqfldo srvlwlrq ri jryhuqphqwv/ dqg/ lq sdu0
wlfxodu/ d uhgxfwlrq lq sxeolf ghew1 Wklv dujxphqw kdv ehhq surplqhqw lq wkh dgyrfdf| ri
sulydwl}dwlrq e| wkh Zruog Edqn/ vxppdul}hg e| Nlnhul/ Qhoolv dqg Vkluoh| +4<<5,1 Wklv
prwlydwlrq lv sduwlfxoduo| lpsruwdqw lq wkh fdvh ri sduwldo sulydwl}dwlrq/ zkhuh jryhuqphqwv
uhwdlq pdmrulw| rzqhuvkls/ vr wkdw wkhuh lv qr uhdvrq wr dqwlflsdwh fkdqjhv lq rshudwlqj
h!flhqf| ru ehqhfldo hhfwv ri fdslwdo pdunhw glvflsolqh1
Ghvslwh wkh iuhtxhqf| zlwk zklfk sulydwl}dwlrq lv uhfrpphqghg dv d vfdo h{shglhqw/ lw
lv iuhtxhqwo| wkh fdvh/ sduwlfxoduo| lq ghyhorshg frxqwulhv/ wkdw wkh vdoh surfhhgv uhdol}hg
wkurxjk sulydwl}dwlrq duh ohvv wkdq wkh h{shfwhg hduqlqjv ri wkh hqwhusulvh xqghu frqwlqxhg
sxeolf rzqhuvkls/ glvfrxqwhg dw wkh uhdo erqg udwh +Ylfnhuv dqg \duurz 4<;;/ Txljjlq 4<<8,1
Lq vrph fdvhv/ sduwlfxoduo| zkhuh sulydwl}dwlrq lv xqghuwdnhq wkurxjk dq lqlwldo sxeolf rhulqj
ri vwrfn/ wkh glhuhqfh lv sduwo| gxh wr wkh idfw wkdw wkh rhu sulfh lv zhoo ehorz wkh pdunhw
sulfh uhyhdohg rq wkh uvw gd| ri wudglqj1 Wkh fdvh ri Eulwlvk Whohfrp/ h{dplqhg e| Ylfnhuv
dqg \duurz/ lv looxvwudwlyh1
D pruh ixqgdphqwdo uhdvrq iru wkh glyhujhqfh ehwzhhq vdoh sulfhv dqg ixwxuh hduqlqjv
lv wkh vxevwdqwldo glhuhqfh/ uhihuuhg wr dv wkh htxlw| suhplxp/ ehwzhhq wkh udwh ri uhwxuq
ghpdqghg e| kroghuv ri htxlw| dqg wkh udwh ri uhwxuq ghpdqghg e| wkh kroghuv ri jryhuqphqw
erqgv1 Dv zdv uvw revhuyhg e| Phkud dqg Suhvfrww +4<;8,/ wkh pdjqlwxgh ri wkh htxlw|
suhplxp lv d sx}}oh/ vlqfh dssolfdwlrq ri wkh vwdqgdug frqvxpswlrq fdslwdo dvvhw sulflqj
prgho +FFDSP, zlwk sodxvleoh sdudphwhuv vxjjhvwv wkdw wkh suhplxp vkrxog eh ohvv wkdq
rqh shufhqwdjh srlqw1 E| frqwudvw/ w|slfdo hpslulfdo hvwlpdwhv ri wkh htxlw| suhplxp duh
durxqg vl{ shufhqwdjh srlqwv1
Nrfkhuodnrwd +4<<9, vxuyh|v d odujh qxpehu ri sdshuv lq zklfk dwwhpswv duh pdgh wr
h{sodlq wkh odujh revhuyhg ydoxhv ri wkh htxlw| suhplxp dqg frqfoxghv wkdw clw*v vwloo d sx}}oh*1
Dowkrxjk wkh h{sodqdwlrqv vxuyh|hg e| Nrfkhuodnrwd glhu lq pdq| uhvshfwv/ doo ri wkhp duh
edvhg rq wkh dvvxpswlrq wkdw kroglqjv ri htxlw| fdq eh uhjdughg vlpso| dv fodlpv wr d
sduwlfxodu sursruwlrq ri frusrudwh surwv/ zlwk qr dffrxqw ehlqj wdnhq ri wkh surshuwlhv ri
wkh vwrfn pdunhwv lq zklfk htxlwlhv duh erxjkw dqg vrog1 Lq wkh whuplqrorj| ri Kluvkohlihu
dqg Uloh| +4<<5, wkhvh prghov rqo| ghdo zlwk hyhqw xqfhuwdlqw| dqg gr qrw frqvlghu lvvxhv ri
pdunhw xqfhuwdlqw| vxfk dv wkh rswlpdo vhdufk iru wudglqj sduwqhuv ru glvhtxloleulxp surfhvvhv
dqg sulfh g|qdplfv1 Lpsolflwo|/ vrph yhuvlrq ri wkh h!flhqw pdunhwv k|srwkhvlv lv dvvxphg
4
wr dsso| wr vwrfn pdunhwv/ dowkrxjk idloxuhv lq rwkhu qdqfldo pdunhwv +vxfk dv lqvxudqfh
pdunhwv, duh srvwxodwhg lq vrph fdvhv1
Wkh zrun ri Vkloohu +4<;<, vxjjhvwv dq dowhuqdwlyh dssurdfk wr wkh htxlw| suhplxp sx}}oh1
Li/ dv Vkloohu dujxhv/ qdqfldo pdunhwv glvsod| h{fhvv yrodwlolw|/ wkhq uhwxuqv wr kroglqjv ri
htxlw| duh ulvnlhu wkdq duh wkh dvvrfldwhg vwuhdpv ri frusrudwh surwv1 Vkloohu*v lqvljkw kdv
ehhq irupdol}hg lq wkh cqrlvh wudghu* prgho ri Gh Orqj hw do1 +4<<3,1 Lq wklv prgho/ ulvn ryhu
dqg deryh wkdw gxh wr wkh glylghqg0jhqhudwlqj surfhvv lv lqwurgxfhg lqwr wkh hfrqrp| e| wkh
glvwruwhg dqg vwrfkdvwlf/ eholhiv ri plvlqiruphg lqyhvwruv uhihuuhg wr dv cqrlvh wudghuv*1 Gh
Orqj hw do1 revhuyh wkdw wklv h{fhvv ulvn lpsolhv dq lqfuhdvh lq wkh htxlw| suhplxp uhodwlyh
wr wkh fdvh zkhq doo lqyhvwruv kdyh udwlrqdo h{shfwdwlrqv/ exw wkh| gr qrw frqvlghu wkh srolf|
lpsolfdwlrqv ri wklv revhuydwlrq1 Gh Orqj hw do1 vkrz wkdw/ dowkrxjk erwk qrlvh wudghuv
dqg vrsklvwlfdwhg lqyhvwruv duh pdgh ehwwhu r lq h{ dqwh whupv +jlyhq wkhlu eholhiv, e| wkh
dydlodelolw| ri wudgh/ wklv dssduhqw zhoiduh lpsuryhphqw dulvhv dw wkh h{shqvh ri wkrvh kroglqj
htxlw| zkhq wudgh lv lqwurgxfhg/ vxfk dv hqwuhsuhqhxuv pdnlqj lqlwldo sxeolf rhulqjv1
D odujh qxpehu ri vxevhtxhqw zulwhuv kdyh ghyhorshg wkh zrun ri Vkloohu +4<;<, dqg
Gh Orqj hw do1 +4<<3, rq pdunhw yrodwlolw|1 Dowkrxjk wkh xvh ri whupv olnh ch{fhvv yrodwlolw|*
lpsolhv vrph ghsduwxuh iurp h!flhqf| dqg wkhuhiruh vrph srwhqwldo srolf| lpsolfdwlrqv/ wkhvh
lvvxhv kdyh uhfhlyhg uhodwlyho| olwwoh dwwhqwlrq1
 
Lq sduwlfxodu/ wkh lpsolfdwlrqv ri yrodwlolw|
jhqhudwhg e| qrlvh wudghuv iru wkh dssursuldwh ulvn suhplxp iru sxeolf lqyhvwphqwv/ dqg iru
wkh zhoiduh dqg glvwulexwlrqdo hhfwv ri sulydwl}dwlrq/ kdyh qrw ehhq frqvlghuhg1
Lq wklv sdshu/ zh dgguhvv wkh odwwhu lvvxh1 Zh prgli| wkh Gh Orqj hw do1 prgho wr doorz
iru wkh h{lvwhqfh ri dq dvvhw wkdw lv lqlwldoo| sxeolfo| rzqhg/ exw lv rwkhuzlvh vlplodu wr wkh
sulydwh dvvhw frqvlghuhg e| Gh Orqj hw do1 Zh wkhq h{dplqh wkh frqvhtxhqfhv ri sulydwl}dwlrq
iru dvvhw sulfhv dqg ghpdqgv/ dqg iru wkh zhoiduh ri glhuhqw jurxsv1 Vlqfh wkh qrwlrq ri
zhoiduh lv dpeljxrxv lq wkh suhvhqfh ri v|vwhpdwlfdoo| glvwruwhg eholhiv/ zh frqvlghu erwk
cvxemhfwlyh* dqg cremhfwlyh* qrwlrqv ri zhoiduh1 Ilqdoo|/ zh frqvlghu wkh lpsolfdwlrqv ri wkh
prgho iru wkh srolwlfdo hfrqrp| ri sulydwl}dwlrq1
5 Wkh Dqdo|vlv
Iroorzlqj Gh Orqj hw do1 +4<<3, zh lqwurgxfh d vwulsshg0grzq ryhuodsslqj jhqhudwlrqv prgho
zlwk wzr0shulrg olyhg djhqwv1 Wkhuh lv d vlqjoh frqvxpswlrq jrrg exw wkhuh lv qr frqvxpswlrq
zkhq |rxqj/ qr oderu vxsso| ghflvlrq dqg qr ehtxhvw prwlyh1 Wkh rqo| ghflvlrq dq djhqw
pdnhv lv khu fkrlfh ri sruwirolr zkhq |rxqj wr qdqfh khu frqvxpswlrq zkhq rog1
Wkhuh lv qr ixqgdphqwdo ulvn dqg doo dvvhwv sd| d {hg uhdo glylghqg u1 Rqh dvvhw/ wkh
vdih dvvhw/ lv lq shuihfwo| hodvwlf vxsso|1 Dq| xqlw ri wkh vdih dvvhw fdq eh frqyhuwhg lqwr

Rurvho +4<<9, glvfxvvhv srwhqwldo dgyhuvh zhoiduh lpsolfdwlrqv dulvlqj iurp wkh dydlodelolw| ri sxeolf
lqirupdwlrq lq vwrfn pdunhwv1 Sdooh| +4<<<, frqvlghuv wkh lpsolfdwlrqv ri d cqrlvh wudghu* prgho iru wd{hv rq
lqwhuqdwlrqdo qdqfldo wudqvdfwlrqv1
5
rqh xqlw ri wkh frqvxpswlrq jrrg/ dqg ylfh yhuvd1 Dv Gh Orqj hw do1 qrwh/ wkh vdih dvvhw lv
irupdoo| htxlydohqw wr d vwrudjh whfkqrorj| wkdw sd|v d uhdo qhw uhwxuq ri u1 Ixuwkhupruh/ li
zh wdnh wkh frqvxpswlrq jrrg lq hdfk shulrg dv wkh qxphudluh/ wkh sulfh ri wkh vdih dvvhw
lv dozd|v rqh1 D vhfrqg dvvhw/ wkdw zh vkdoo lqwhusuhw dv wkh suh0sulydwl}dwlrq hfrqrp|0zlgh
sruwirolr ri htxlw|/ lv lq {hg vxsso|/ qrupdol}hg wr rqh1 Wkh sulfh ri wklv htxlw| dvvhw lq
shulrg w lv ghqrwhg e| s
 
 1 Gh Orqj hw do1 srlqw rxw wkdw li wkh sulfh ri wkh htxlw| dvvhw zhuh
vlpso| wkh qhw suhvhqw ydoxh ri lwv ixwxuh glylghqgv/ wkhq lwv sulfh lq hyhu| shulrg zrxog dovr
eh 41 Exw/ lq wkh suhvhqfh ri qrlvh wudghuv/ Gh Orqj hw do1 vkrz wkdw wklv lv qrw wkh fdvh1
H{whqglqj Gh Orqj hw do1/ zh lqwurgxfh d wklug dvvhw wkdw lv dovr lq {hg vxsso|/ { ? 4/
dqg wkdw jhqhudwhv d uhdo glylghqg u1 Lqlwldoo|/ wklv dvvhw lv rzqhg e| wkh jryhuqphqw dqg
qdqfhg hqwluho| wkurxjk vkruw0whup +rqh0shulrg, jryhuqphqw ghew1 Jryhuqphqw ghew/ wkh
irxuwk dvvhw lq rxu prgho/ sd|v d jxdudqwhhg {hg uhdo lqwhuhvw u1 Dv jryhuqphqw ghew lv d
shuihfw vxevwlwxwh iru wkh vdih dvvhw/ lwv sulfh lq hyhu| shulrg lv dozd|v rqh1
Hyhu| jhqhudwlrq lv wkh vdph vl}h dqg fdq eh glylghg lqwr wzr fodvvhv= d sursruwlrq 
zkr duh qrlvh wudghuv +ghqrwhg Q, zkrvh ehkdylru lv ghvfulehg lq pruh ghwdlo lq vxevhtxhqw
vxevhfwlrqv ehorz/ dqg d sursruwlrq 4   zkr duh vrsklvwlfdwhg lqyhvwruv +ghqrwhg L,1 Lq
hdfk shulrg/ wkh uhsuhvhqwdwlyh vrsklvwlfdwhg lqyhvwru kdv udwlrqdo h{shfwdwlrqv derxw wkh
glvwulexwlrq ri uhwxuqv iurp kroglqj d sruwirolr zlwk ulvn| dvvhwv/ dqg vr pd{lpl}hv khu
h{shfwhg xwlolw| jlyhq wkh glvwulexwlrq ri khu zhdowk lpsolhg e| khu sruwirolr fkrlfh1
514 Wkh Suh0Sulydwl}dwlrq Htxloleulxp
Iru dq| shulrg w lq zklfk wkh wklug dvvhw uhpdlqv lq jryhuqphqw rzqhuvkls/ wkh jryhuqphqw
lvvxhv { xqlwv ri qhz ghew +ri rqh0shulrg pdwxudwlrq, zklfk lv sxufkdvhg e| lqglylgxdov zkr
duh |rxqj lq shulrg w1 Xvlqj wkh surfhhgv ri wklv erqg vdoh wrjhwkhu zlwk wkh uhdo glylghqg
jhqhudwhg e| wkh jryhuqphqw0rzqhg dvvhw/ wkh jryhuqphqw sd|v rxw wkh dprxqw +4 . u,{ wr
wkh kroghuv ri wkh { xqlwv ri jryhuqphqw ghew wkdw zdv lvvxhg lq shulrg w  4 dqg wkdw kdv
pdwxuhg lq shulrg w1
Lq hdfk shulrg w/ wkh uhsuhvhqwdwlyh qrlvh wudghu zkr lv |rxqj lq wkdw shulrg plvshufhlyhv












Zh dvvxph wkdw erwk vrsklvwlfdwhg lqyhvwruv dqg qrlvh wudghuv duh h{shfwhg xwlolw| pd{0
lpl}huv fkdudfwhul}hg e| d frqvwdqw frh!flhqw ri devroxwh ulvn dyhuvlrq htxdo wr 1 Wkxv/ dq
djhqw zkr lv |rxqj lq shulrg w/ fkrrvhv khu sruwirolr wr pd{lpl}h khu fhuwdlqw| htxlydohqw
frqvxpswlrq lq shulrg w . 41 Wkdw lv/ vkh pd{lpl}hv z  

 @5/ zkhuh z lv wkh h{shfwhg
qdo zhdowk lq shulrg w. 4/ dqg 

 lv wkh yduldqfh ri khu shulrg w. 4 zhdowk1
Gh Orqj hw do1 +4<<3, vkrz wkdw/ lq d vwdwlrqdu| htxloleulxp/ wkdw lv/ zkhuh rqh lpsrvhv
wkh uhtxluhphqw wkdw wkh xqfrqglwlrqdo glvwulexwlrq ri s
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Vlqfh qrlvh wudghuv doorfdwh pruh ri wkhlu zhdowk wr htxlw| wkdq gr vrsklvwlfdwhg lqyhvwruv/
dqg hduq qhjdwlyh fdslwdo jdlqv rq dyhudjh/ wkh| fdq hduq kljkhu h{shfwhg uhwxuqv wkdq
vrsklvwlfdwhg lqyhvwruv rqo| li wkh glylghqg rq htxlw| dprxqwv wr d kljkhu udwh ri uhwxuq rq
dyhudjh wkdq wkh vdph glylghqg rq wkh vdih dvvhw +dqg wkh jryhuqphqw erqg,1 Wkdw lv/ htxlw|
pxvw vhoo dw dq dyhudjh sulfh ehorz lwv ixqgdphqwdo ydoxh ri rqh1 Dv Gh Orqj hw do1 +4<<3/ s1
:64, revhuyh ^l`w lv lpsruwdqw wr vwuhvv wkdw rxu prgho vkhgv oljkw rq wkh PhkudSuhvfrww
sx}}oh rqo| li htxlwlhv duh xqghusulfhg 111
Khqfh zh vkdoo dvvxph wkdw htxlwlhv duh xqghusulfhg/ wkdw lv/ H ^s
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Zh vkdoo qrz frqvlghu wkh vlwxdwlrq zkhuh wkh jryhuqphqw dqqrxqfhv dw wkh ehjlqqlqj ri
shulrg 3 wkdw lw lv sulydwl}lqj wkh wklug dvvhw zklfk lw kdv khog lq jryhuqphqw rzqhuvkls xs
wr wkdw gdwh1 Wkh dprxqw +4 . u,{ rzlqj rq wkh rxwvwdqglqj vwrfn ri jryhuqphqw erqgv
zklfk duh khog e| wkh fxuuhqw rog jhqhudwlrq/ zloo eh sdlg rxw ri wkh glylghqg {u jhqhudwhg
e| wkh dvvhw dqg wkh uhyhqxh s
  
 { jhqhudwhg e| wkh vhoo0r ri wkh { xqlwv ri vxsso| ri wklv
dvvhw dw wkh sulfh s
  
 1 Dq| vkruwidoo +uhvshfwlyho|/ zlqgidoo, zloo eh phw e| d vwuhdp ri kljkhu
+uhvshfwlyho|/ orzhu, wd{hv lq hdfk vxevhtxhqw shulrg wkdw kdv wkh vdph qhw suhvhqw ydoxh dv
wkh vkruwidoo +uhvshfwlyho|/ zlqgidoo,1
Dv d qdwxudo jhqhudol}dwlrq ri wkh Gh Orqj hw do1 prgho/ zh dvvxph wkdw wkh plvshu0
fhswlrqv lq shulrg w +iru w  3, ri wkh h{shfwhg sulfh ri htxlw| dqg wkh h{shfwhg sulfh ri
wkh sulydwl}hg dvvhw +wkh qhz htxlw|, lq shulrg w . 4 duh lqghshqghqwo| dqg lghqwlfdoo|






















Vhh Gh Orqj hw do1 +4<<3, ss1 :3;44 iru wkh ghulydwlrq1
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Frqvlghu d vrsklvwlfdwhg lqyhvwru zlwk dq dprxqw f  wr lqyhvw lq shulrg w1 Khu remhfwlyh



















, lv lqyhvwhg lq wkh vdih
dvvhw dqg2ru jryhuqphqw erqgv1 Khu rswlpdo sruwirolr fkrlfh pd{lpl}hv=






































Wkh rqo| glhuhqfh ehwzhhq +6, dqg +7, lv wkh odvw whup ri +7, zklfk uh hfwv wkh qrlvh
wudghuv* plvshufhswlrqv ri wkh h{shfwhg uhwxuqv iurp kroglqj htxlw| dqg iurp kroglqj wkh
sulydwl}hg dvvhw1
















 ^u4.   +4 . u,s  . g  ` 1











Zh frqqh dwwhqwlrq wr vwhdg|0vwdwh htxloleuld e| lpsrvlqj wkh uhtxluhphqw wkdw wkh xqfrq0
glwlrqdo glvwulexwlrq ri s 	 eh lghqwlfdo wr wkh glvwulexwlrq ri s  1 Dv zdv wkh fdvh lq wkh
suh0sulydwl}hg vlwxdwlrq/ zh fdq vroyh +8, uhfxuvlyho| wr rewdlq
s  @ 4.

4 . u


























Wkdw lv/ zh kdyh
s
 

















u +4 . u,
 +4 . {, > +:,
s
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u +4 . u,
 + . {, = +;,
Qrwlfh wkdw iru vpdoo {/ wkh fruuhodwlrq frh!flhqw  lv dssur{lpdwho| htxdo wr wkh cehwd*
frh!flhqw wkdw zrxog frph rxw ri wkh vwdqgdug FDSP1
516 Zhoiduh Hhfwv ri wkh Sulydwl}dwlrq
Wkh lqwhuwhpsrudo surgxfwlrq whfkqrorj| iru wkh frqvxpswlrq jrrg lpsolflwo| hperglhv d
uhdo qhw uhwxuq ri u= Khqfh/ zhoiduh fkdqjhv dfurvv jhqhudwlrqv lq wklv hfrqrp| fdq eh fkdu0
dfwhul}hg lq whupv ri wkh qhw suhvhqw ydoxh ri wkh fkdqjhv lq frqvxpswlrq vwuhdpv xvlqj d
glvfrxqw udwh ri u1




 , ghqrwh iru wkh uhsuhvhqwdwlyh vrsklvwlfdwhg
lqyhvwru +uhvshfwlyho|/ qrlvh0wudghu, zkr lv |rxqj lq shulrg w4/ wkh fkdqjh wkdw uhvxowv iurp
wkh sulydwl}dwlrq lq klv ru khu fhuwdlqw| htxlydohqw frqvxpswlrq lq shulrg w1 Qrwlfh wkdw iru
w  4/ FH

 lv fdofxodwhg zlwk uhvshfw wr wkh plvshufhlyhg hvwlpdwh ri wkh sulfhv ri rog
htxlw| dqg wkh sulydwl}hg dvvhw iru shulrg w wkdw lv pdgh e| wkh qrlvh wudghuv lq wkh shulrg lq
zklfk wkh| duh |rxqj +wkdw lv/ shulrg w4,1 Ohw E  ghqrwh wkh fkdqjh lq wkh jryhuqphqw*v
exgjhw lq shulrg 3 wkdw dulvhv dv d uhvxow ri wkh sulydwl}dwlrq1 Li zh ohw Z ghqrwh wkh vxp
ri E  dqg wkh qhw suhvhqw ydoxh ri wkh fkdqjhv lq wkh fhuwdlqw| htxlydohqw frqvxpswlrq ri
hyhu| jhqhudwlrq/ wkhq wkh h{ dqwh fkdqjh lv jlyhq e|



















Ohw | ghqrwh wkh ydoxh wkh yduldeoh | zrxog kdyh wdnhq li wkh jryhuqphqw kdg qrw sulyd0
wl}hg wkh dvvhw lq shulrg 31 Zh frqvlghu wkh fkdqjhv wr hdfk jurxs lq wxuq1
Jryhuqphqw
H ^E  ` @ H ^s
  
 `{. {u  { +4 . u,
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= +43,
Dvvxplqj wkdw frqglwlrq +5, lv vdwlvhg/ vr wkdw wkhuh lv d srvlwlyh htxlw| suhplxp/ wkh
jryhuqphqw zloo eh zruvh r zkhqhyhu  . { A 4=
Frqvxphuv lq shulrg 3 =
Wkhvh frqvxphuv kdyh douhdg| pdgh wkhlu sruwirolr fkrlfh lq wkh suhylrxv shulrg1 Wkh
rqo| dfwlrq wkh| xqghuwdnh lq shulrg 3 lv wr vhoo wkhlu sruwirolr rq wkh pdunhw wr qdqfh wkhlu




























u +4 . u,
 {>
zklfk phdqv wkdw frqvxphuv lq shulrg 3 zloo orvh +uhvshfwlyho|/ jdlq, li wkh qrlvh wudghuv*
plvshufhswlrq ri wkh h{shfwhg sulfh ri wkh qhzo| sulydwl}hg dvvhw lq wkh qh{w shulrg lv srvl0
wlyho| +uhvshfwlyho|/ qhjdwlyho|, fruuhodwhg zlwk wkhlu plvshufhswlrq ri wkh h{shfwhg sulfh ri
wkh rog htxlw| lq wkh qh{w shulrg1
Frqvxphuv lq shulrg w  41























































































































































dqg iurp +8, zh kdyh
u4. 
	


















































































































  +4 . u,s 
	


































































































































Khqfh wkh shu fdslwd fkdqjh lq wkh h{ dqwh fhuwdlqw| htxlydohqw frqvxpswlrq iru wkh


































































u +4 . u,
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Dowhuqdwlyh phdvxuh  h{shfwhg xwlolw| zlwk uhvshfw wr wuxh glvwulexwlrq1
;
Dq dowhuqdwlyh phdvxuh ri wkh zhoiduh hhfwv ri wkh sulydwl}dwlrq lv wr hydoxdwh wkh h{0
shfwhg xwlolw| ri hyhu| djhqw zlwk uhvshfw wr wkh wuxh glvwulexwlrq ri frqvxpswlrq1 Wkh rqo|
djhqwv wklv dhfwv duh wkh qrlvh wudghuv zkr zloo eh frqvxplqj lq shulrgv 4> 5> = = =1 Ohw  gFH 
ghqrwh wklv ydoxh1






















  +4 . u,s 
	





Iurp +8, zh kdyh
u4. 
	
  +4 . u,s 
	

























































Wklv jlyhv xv d fruuhfwhg phdvxuh ri wkh fkdqjh lq h{ dqwh zhoiduh ri
H
k
fZl @     













































Wkh uvw whup uh hfwv wkh h{wud frqvxpswlrq wkdw qrlvh wudghuv* plvshufhswlrqv ohdg wkhp wr
h{shfw/ rq dyhudjh/ wr uhfhlyh e| kroglqj wkh sulydwl}hg dvvhw zkloh wkh vhfrqg whup uh hfwv
wkh fhuwdlqw|0htxlydohqw frqvxpswlrq frvw ri wkh ulvn dvvrfldwhg zlwk wdnlqj ehwv edvhg rq
plvshufhlyhg h{shfwhg ixwxuh sulfhv ri wkh sulydwl}hg dvvhw1
6 Wkh srolwlfdo hfrqrp| ri sulydwl}dwlrq
Wkh dqdo|vlv deryh |lhogv d udqjh ri lqvljkwv lqwr wkh srolwlfdo hfrqrp| ri sulydwl}dwlrq1 Iluvw/
frqvlghu wkh lpsdfw rq jryhuqphqw1 Iurp +43,/ sulydwl}dwlrq zloo/ iru sodxvleoh sdudphwhu
ydoxhv/ uhgxfh wkh qhw zruwk ri jryhuqphqw1 Krzhyhu/ wklv uhgxfwlrq lv revfxuhg e| wkh
vwdqgdug v|vwhp ri jryhuqphqw qdqfldo vwdwlvwlfv +JIV, lq zklfk wkh uhwxuqv iurp dvvhw
vdohv duh wuhdwhg dv uhyhqxh +ru vrphwlphv qhjdwlyh h{shqglwxuh, lq wkh |hdu lq zklfk vdohv
wdnh sodfh1 Wkxv/ iurp wkh ylhzsrlqw ri plqlvwhuv dqg r!fldov uho|lqj rq wkh JIV vwdwlvwlfv/
sulydwl}dwlrq dozd|v |lhogv dq lpsuryhphqw lq wkh jryhuqphqw*v qdqfldo srvlwlrq +surylghg
wkh vdoh sulfh h{fhhgv rqh |hdu*v hduqlqjv/ wkdw lv/ s
  
 A u lq rxu prgho,1 Wklv zdv dq
<
lpsruwdqw hohphqw ri wkh fdvh iru sulydwl}dwlrq lq wkh Xqlwhg Nlqjgrp +]dkduldglv 4<<8,
dqg Dxvwudold +Txljjlq 4<<8,1
Wkh hhfw rq wkh jryhuqphqw pd| dovr eh frqvlghuhg dv wkh hhfw rq d wd{sd|huyrwhu
zkr vdwlvhv Ulfdugldq htxlydohqfh exw grhv qrw sduwlflsdwh lq wkh htxlw| pdunhw1 Lq jhqhudo/
qrq0vkduhkroghuv kdyh ehhq krvwloh wr sulydwl}dwlrq/ vxjjhvwlqj wkdw wkh| pd| eh forvhu wr
Ulfdugldq htxlydohqfh wkdq h{shuwv xvlqj wkh Jryhuqphqw Ilqdqfldo Vwdwlvwlfv v|vwhp1
Wkh hhfw rq shulrg0}hur frqvxphuv pd| eh wdnhq dv d sur{| iru wkh hhfw rq kroghuv ri
sulydwh htxlw| dw wkh wlph ri sulydwl}dwlrq/ dqg sduwlfxoduo| rq wkrvh zkr zlvk wr vhoo htxlw|/
iru h{dpsoh/ wkurxjk lqlwldo sxeolf rhulqjv1 Odujh0vfdoh sulydwl}dwlrqv kdyh iuhtxhqwo| udlvhg
frqfhuqv wkdw wkh fuhdwlrq ri odujh txdqwlwlhv ri qhz htxlw| zloo h{fhhg wkh zloolqjqhvv ri
pdunhwv wr ex| htxlw| dw h{lvwlqj sulfhv +zklfk zloo eh wkh fdvh lq rxu prgho zkhq  A 3,1
Wklv lv rqh uhdvrq iru wkh srsxodulw| ri sduwldo sulydwl}dwlrq +lq rxu prgho/ vpdoo ydoxhv ri
{,=
Wkh prvw lqwhuhvwlqj zhoiduh lvvxhv dulvh zlwk uhvshfw wr frqvxphuv lq shulrgv juhdwhu
wkdq w  4= Zh pd| frqvlghu wkuhh srvvleoh srolf| iudphzrunv/ uhihuuhg wr dv csdwhuqdolvw*/
csuhihuhqfh0pd{lpl}lqj* dqg colehuwduldq1* D csdwhuqdolvw* jryhuqphqw zrxog vhhn wr pd{l0
pl}h dq cremhfwlyh* zhoiduh phdvxuh edvhg rq wkh wuxh suredelolw| glvwulexwlrq1 Xqghu wkh
dvvxpswlrqv ri wkh prgho suhvhqwhg deryh/ vxfk d jryhuqphqw zrxog dozd|v uhwdlq ixoo sxe0
olf rzqhuvkls1 D csuhihuhqfh0pd{lpl}lqj* jryhuqphqw zrxog xqghuwdnh sulydwl}dwlrq li dqg
rqo| li wkh h{shfwhg djjuhjdwh ehqhw +48, zdv srvlwlyh1
 
Ilqdoo|/ d colehuwduldq* jryhuqphqw
zrxog dozd|v xqghuwdnh sulydwl}dwlrq1
Lw lv ri lqwhuhvw wr frqvlghu wkh flufxpvwdqfhv xqghu zklfk wkhvh dssurdfkhv zrxog rewdlq
wkh srolwlfdo vxssruw ri yrwhuv1 Iru wkh sdwhuqdolvw fdvh/ vxssrvh wkdw yrwhuv nqrz wkdw pdunhw
 xfwxdwlrqv duh jhqhudwhg e| qrlvh wudghuv zlwk plvwdnhq eholhiv dqg gr qrw nqrz zkhwkhu
wkhlu rzq eholhiv duh plvwdnhq1 Li lqglylgxdov dfwhg rq wklv nqrzohgjh dv wudghuv/ frpprq
sulruv dqg frpprq nqrzohgjh ri udwlrqdolw| zrxog lpso| d qr0wudgh htxloleulxp +Plojurp
dqg Vwrnh| 4<;5,1 Wr ghulyh d cvhoi0sdwhuqdolvw* rxwfrph zh dvvxph lqvwhdg/ iroorzlqj Hovwhu
+4<:<,/ wkdw lqglylgxdov nqrz wkdw/ dv wudghuv/ wkh| zloo dfw rq wkhlu eholhiv1 Dv yrwhuv wkh|
duh wkhuhiruh zloolqj wr elqg wkhpvhoyhv lq dgydqfh qrw wr wudgh1 Xqghu wkh frqglwlrqv ri wkh
prgho suhvhqwhg deryh/ doo vhoi0sdwhuqdolvw yrwhuv zloo suhihu wkh suh0sulydwl}dwlrq rxwfrph
wr wkh srvw0sulydwl}dwlrq rxwfrph1

D olehuwduldq srolf| pd| eh mxvwlhg rq jurxqgv ri surfhvv dorqh/ zlwkrxw uhihuhqfh wr

Qrwh wkdw orvhuv vxfk dv shulrg 3 frqvxphuv pd| eh frpshqvdwhg lq vxfk d zd| wkdw doo jurxsv h{shulhqfh
dq lpsuryhphqw lq vxemhfwlyh h{shfwhg xwlolw|1

Rqh pljkw remhfw wkdw shrsoh zlwk vxfk phwd0eholhiv vkrxog vlpso| uhiudlq iurp wudglqj lq ulvn| htxlwlhv
dqg krog rqo| ghew1 Krzhyhu/ wkh htxlw| suhplxp sx}}oh lv dffrpsdqlhg e| d culvn0iuhh udwh sx}}oh* lq wkdw wkh
udwh ri uhwxuq wr ulvnohvv ghew lv orzhu wkdq dsshduv uhdvrqdeoh/ vr wkdw dq lqglylgxdo ghflvlrq wr uhiudlq iurp
wudgh lq htxlwlhv grhv qrw holplqdwh wkh orvv jhqhudwhg e| qrlv| wudgh1 Ehfdxvh ri wkh vlpsoli|lqj dvvxpswlrq
wkdw wkh ulvnohvv dvvhw lv lq shuihfwo| hodvwlf vxsso|/ wkh ulvn0iuhh udwh sx}}oh grhv qrw dulvh lq wkh Gh Orqj hw
do prgho1
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zhoiduh rxwfrphv +Qr}lfn 4<:7,1 Dowhuqdwlyho|/ jlyhq d phwkrgrorjlfdo frpplwphqw wr fruh
k|srwkhvhv ri pdunhw h!flhqf| dqg lqglylgxdo udwlrqdolw|/ prghov vxfk dv wkdw ri Gh Orqj
hw do1 +4<<3, pxvw eh uhmhfwhg lq idyru ri prghov lq zklfk wkh pdunhw sulfh ri htxlw| uh hfwv
wkh wuxh vrfldo frvw ri ulvn1 Li d prgho ri wkh odwwhu fodvv lv fruuhfw/ jryhuqphqw rzqhuvkls
frqfhdov ulvnv wkdw duh/ lq uhdolw|/ eruqh lqgluhfwo| e| wd{sd|huv +Grpehujhu 4<<8,1 Li wklv
ylhz lv dffhswhg/ wkhq doo yrwhuv zloo suhihu sulydwl}dwlrq1
Dq lqwhuphgldwh fdvh dulvhv li doo yrwhuv eholhyh wkhlu rzq hvwlpdwhv ri ulvnv dqg uhwxuqv
duh xqeldvhg1 Lq wklv fdvh/ sulydwl}dwlrq zloo jhqhudoo| eh ylhzhg dv ehqhfldo e| erwk vrsklv0
wlfdwhg wudghuv dqg qrlvh wudghuv +dvvxplqj wkh| ljqruh dq| orvvhv lqfxuuhg e| jryhuqphqwv,/
exw zloo/ xqghu wkh frqglwlrqv qrwhg deryh/ uhgxfh wkh qhw zruwk ri jryhuqphqw dqg wkh
zhoiduh ri shulrg 3 frqvxphuv1 Lq wkh devhqfh ri frpshqvdwlrq/ wkh srolwlfdo rxwfrph zloo eh
ghwhuplqhg e| wkh uhodwlyh vwuhqjwk ri jdlqhuv dqg orvhuv1 Vxssrvh wkh hhfwv ri uhgxfwlrqv
lq jryhuqphqw qhw zruwk duh eruqh sulpdulo| e| qhw uhflslhqwv ri jryhuqphqw h{shqglwxuh
dqg e| wd{sd|huv zkr gr qrw krog/ ru zlvk wr krog/ htxlw|1 Zh zloo uhihu wr wklv jurxs vlpso|
dv cjryhuqphqw vxssruwhuv*1 Vlploduo|/ wkh hhfwv rq shulrg 3 frqvxphuv lv d sur{| iru wkh
hhfwv rq wkrvh zkr krog vxevwdqwldo htxlw| dqg h{shfw wr eh qhw vhoohuv1 Zh zloo uhihu wr
wklv jurxs dv crog prqh|* yrwhuv1
Wkhq/ lq wkh devhqfh ri frpshqvdwlrq/ wkh srolwlfdo ihdvlelolw| ri sulydwl}dwlrq ghshqgv
rq wkh irupdwlrq ri d frdolwlrq ri vrsklvwlfdwhg dqg qrlv| wudghuv zklfk fdq ryhufrph wkh
uhvlvwdqfh ri jryhuqphqw vxssruwhuv dqg crog prqh|* yrwhuv1 Wklv vhhpv wr eh dq dffxudwh gh0
vfulswlrq ri wkh vxssruw edvh ri wkh Wkdwfkhu jryhuqphqw lq wkh Xqlwhg Nlqjgrp +]dkduldglv
4<<8,1 Vlploduo|/ dqg shukdsv pruh vxusulvlqjo|/ odujh0vfdoh sulydwlvdwlrqv zhuh xqghuwdnhq
e| oderu jryhuqphqwv lq Dxvwudold dqg Qhz ]hdodqg1 Wkhvh jryhuqphqwv dwwudfwhg vxssruw
iurp ulvlqj hqwuhsuhqhxuv/ wkh qdqfldo vhfwru dqg iurp xszdugo| preloh yrwhuv1 Rssrvlwlrq
zdv glylghg ehwzhhq crog prqh|* yrwhuv/ zkr frqwlqxhg wr vxssruw wudglwlrqdoo| frqvhuydwlyh
sduwlhv dqg jryhuqphqw vxssruwhuv zkr kdg wudglwlrqdoo| vxssruwhg wkh oderu sduwlhv1
 
Lq
doo wkh fdvhv glvfxvvhg deryh/ wkh glylghg qdwxuh ri wkh rssrvlwlrq doorzhg jryhuqphqwv wr
uhwdlq r!fh iru vrph |hduv zlwk wkh vxssruw ri durxqg 73 shu fhqw ri yrwhuv1
Li oxps0vxp frpshqvdwlrq lv ihdvleoh dqg lv dozd|v sdlg wr orvhuv/ yrwhuv zloo suhihu sul0





/ wkh ulvnlqhvv ri htxlw| pdunhwv/ dqg rq wkh ulvn0dyhuvlrq ri wkh uhsuh0
vhqwdwlyh yrwhu2frqvxphu1 Wkxv zh pljkw h{shfw wkh srolwlfdo srsxodulw| ri sulydwl}dwlrq wr
ydu| lq olqh zlwk vrfldo fkdqjhv wkdw dhfw ulvn0dyhuvlrq dqg zlwk fkdqjhv lq hvwlpdwhv ri wkh
ulvnlqhvv ri htxlwlhv1 Lw lv lqwhuhvwlqj wr revhuyh wkdw wkh ulvh ri sulydwl}dwlrq lq wkh 4<;3v
frlqflghg zlwk d udslg ghfolqh lq wkh sursruwlrq ri yrwhuv dqg srolwlfldqv rog hqrxjk wr uhfdoo
wkh Juhdw Ghsuhvvlrq1
Wkh dqdo|vlv deryh pxvw eh prglhg wr wdnh dffrxqw ri rwkhu idfwruv wkdw zloo dhfw wkh

Wudglwlrqdoo| frqvhuydwlyh sduwlhv dovr fkdqjhg wkhlu srolflhv wr vxssruw sulydwl}dwlrq1 Krzhyhu/ lq erwk
Dxvwudold dqg Qhz ]hdodqg/ wkh ohdg lq lpsohphqwlqj sulydwl}dwlrq zdv wdnhq e| oderu jryhuqphqwv1
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ghvludelolw| ri sulydwl}dwlrq1 Zkhuh sulydwl}dwlrq lv dffrpsdqlhg e| dq lqfuhdvh lq rshudwlqj
h!flhqf| wkh ehqhw iurp wklv lqfuhdvh vkrxog eh wdnhq lqwr dffrxqw1 Rqh srvvlelolw| lv wr
dvvxph wkdw wkh wuxh uhwxuq lq shulrg 4 lv juhdwhu wkdq u= Rq wkh rwkhu kdqg/ wkh vfdo dqg
vrfldo uhwxuqv wr sulydwl}dwlrq pd| eh uhgxfhg li jryhuqphqwv duh xqdeoh wr frpplw wkhp0
vhoyhv uhjduglqj wkh srvvlelolw| ri uhqdwlrqdol}dwlrq ru dgyhuvh uhjxodwlrq +]hfnkdxvhu dqg
Kruq 4<;<, ru li wkh sulydwl}hg up lv fkdudfwhul}hg e| prqrsro| srzhu dqg2ru h{whuqdolwlhv
uhtxlulqj forvh uhjxodwlrq +Nlqj ) Slwfkirug 4<<<,1
Lq wkh dqdo|vlv suhvhqwhg deryh/ jryhuqphqwv duh dvvxphg wr uhvsrqg gluhfwo| wr wkh
h{ dqwh suhihuhqfhv ri yrwhuv1 Wkh prgho frxog eh hqkdqfhg e| frqvlghudwlrq ri vwudwhjlf
ehkdylru vxfk dv wkdw frqvlghuhg e| Shurwwl dqg Eldlv +5334,1 Lq wkhlu prgho/ jryhuqphqwv
vhhn wr uhgxfh vxssruw iru uhglvwulexwlrq e| xvlqj sulydwlvdwlrq wr hqvxuh wkdw wkh phgldq
yrwhu krogv vkduhv dqg lv wkhuhiruh pruh olnho| wr rssrvh srolflhv ri uhglvwulexwlqj lqfrph
iurp fdslwdo wr oderu1
7 Frqfoxglqj frpphqwv
Wkh zhoo0nqrzq htxlw| suhplxp sx}}oh lv forvho| uhodwhg wr wkh ohvv idploldu/ exw htxdoo| vxu0
sulvlqj/ revhuydwlrq wkdw wkh surfhhgv iurp sulydwl}dwlrq duh iuhtxhqwo| orzhu wkdq sodxvleoh
hvwlpdwhv ri wkh suhvhqw ydoxh ri ixwxuh hduqlqjv/ glvfrxqwhg dw wkh uhdo erqg udwh1 Lq wklv
sdshu/ lw kdv ehhq vkrzq wkdw li wkh htxlw| suhplxp dulvhv iurp wkh plvwdnhq eholhiv ri qrlvh
wudghuv/ sulydwl}dwlrq pd| uhgxfh sxeolf vhfwru qhw zruwk1 Pruhryhu/ hydoxdwhg lq whupv ri
wkh fruuhfw eholhiv ri vrsklvwlfdwhg lqyhvwruv/ wkhuh lv d uhgxfwlrq lq vrfldo zhoiduh dvvrfldwhg
zlwk sulydwl}dwlrq wkdw pxvw eh edodqfhg djdlqvw dq| lpsuryhphqwv lq rshudwlqj h!flhqf|1
Pruh jhqhudoo|/ li wkh htxlw| suhplxp dulvhv ehfdxvh ri fdslwdo pdunhw lpshuihfwlrqv/
wkh pdunhw udwh ri uhwxuq rq ulvn| dvvhwv lv/ lq jhqhudo/ juhdwhu wkdq wkh vrfldoo| rswlpdo
ulvn0dgmxvwhg glvfrxqw udwh dqg sulydwl}dwlrq pd| uhgxfh zhoiduh1 Krzhyhu/ frqwlqxhg sxeolf
rzqhuvkls pd| eh grplqdwhg e| d uvw0ehvw srolf| wkdw dgguhvvhv wkh uhohydqw pdunhw idloxuh
gluhfwo|1
Uhihuhqfhv
Gh Orqj/ M1 Eudgirug/ Vkohlihu/ Dqguhl/ Vxpphuv/ Odzuhqfh/ dqg Zdogpdqq/ Urehuw
M1 Qrlvh Wudghu Ulvn lq Ilqdqfldo Pdunhwv1 M1S1H1 <; +Dxj1 4<<3,= :360:6;1
Grpehujhu/ Vlprq1 Zkdw Grhv Sulydwl}dwlrq DfklhyhB 0 D frpphqw rq Txljjlq1
Dxvw1 Hfrq1 Uhy1 +Mxqh/ 4<<8,= 76:1
Hovwhu/ Mrq1 Xo|vvhv dqg wkh Vluhqv/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<:<1
Kluvkohlihu/ Mdfn/ dqg Uloh|/ Mrkq1 Wkh Dqdo|wlfv ri Xqfhuwdlqw| dqg Lqirupdwlrq/ Fdp0
eulgjh/ XN= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<51
Nlnhul/ V1> Qhoolv/ M1> Vkluoh|/ P1/ Sulydwl}dwlrq= Wkh Ohvvrqv ri H{shulhqfh/ Zdvklqj0
wrq/ GF/ Wkh Zruog Edqn +4<<5,1
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Nlqj/ Vwhskhq S1 dqg Slwfkirug/ Urkdq1 D Wd{rqrp| ri Rswlpdo Rzqhuvkls dqg Pdq0
djhphqw Uhjlphv1 Wkh Xqlyhuvlw| ri Phoerxuqh/ Ghsduwphqw ri Hfrqrplfv/ Uhvhdufk
Sdshu Qr1 958 +4<<<,1
Nrfkhuodnrwd/ Qdud|dqd U1/ Wkh Htxlw| Suhplxp= Lw*v Vwloo d Sx}}oh/ M1 Hfrq1 Olw1
67 +Pdufk 4<<9,= 75:41
Pdqnlz/ Q1 Juhjru|1 Wkh Htxlw| Suhplxp dqg wkh Frqfhqwudwlrq ri Djjuhjdwh
Vkrfnv1 M1 Ilqdqfldo Hfrq1 4: +Vhsw1 4<;9,= 5444<1
Phkud/ Udqmhvk dqg Suhvfrww/ Hgzdug F1 Wkh Htxlw| Suhplxp= d Sx}}oh/ M1 Prqh0
wdu| Hfrq1 48 +Pdufk 4<;8,= 478941
Plojurp/ Sdxo dqg Vwrnh|/ Qdqf|1 Lqirupdwlrq/ Wudgh dqg Frpprq Nqrzohgjh1 M1
Hfrq1 Wkhru| 59 +4<;5,= 4:5:1
Qr}lfn/ Urehuw1 Dqdufk|/ Vwdwh dqg Xwrsld/ R{irug= E1 Eodfnzhoo/ 4<:71
Rurvho/ J1R1/ Lqirupdwlrqdo H!flhqf| dqg Zhoiduh lq wkh Vwrfn Pdunhw1 Hxurshdq
Hfrq1 Uhy1 73+:, +Dxj1 4<<9,= 46:<47441
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Vkloohu/ Urehuw M1/ Pdunhw Yrodwlolw|/ Fdpeulgjh/ PD= Wkh PLW Suhvv/ 4<;<1
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